The present paper aims to show, both from a stratigraphic and structural points of view, the main features of a wedge-top syntectonic basin which evolved recording polyphase and non-coaxial tectonics. The study area is the Scillato Basin (SB), a roughly N-S-oriented structural depression located in the central-northern sector of the Sicililian Maghrebides. There, an approximately 1300 m-thick upper Serravallian to upper Tortonian succession of clastic units outcrops as a portion of the Neogene syntectonic covers of the Sicilian fold and thrust belt. Within the outcropping succession the upper Tortonian Terravecchia Fm represents the main topic of this paper. A multidisciplinary approach was carried out through an integration of sedimentology, facies, stratal pattern and structural analyses; this was applied to the formation enabling one to recognize in the Scillato Basin a fining to coarsening upward succession, deposited recording an early transgressive and a late regressive depositional stage. In our model these two main depositional stages developed and are directly relatable to a two-step structural evolution of the basin. During the first step, a NW-SE-oriented structural depression existed, enclosed between structural highs and accommodating the lower and middle portion of the upper Tortonian succession. Subsequently, during the second step, the NW-SE depression was non-coaxially deformed by superimposition of high-angle transpressive faults (many of which were SE-dipping), developed in response to the upward propagation of structures enucleated at deeper structural levels. This step was recorded in the basin by development of both depositional and structural interferences recognizable along the upper portion of the Scillato Basin succession. A comparison between field data and deep geophysical data interpreted at the preliminary stage, raises questions about the late Miocene geological evolution of this sector of the Sicilian chain, including: (i) the syn-tectonic deposition of the Terravecchia Fm. in the Scillato Basin clearly recorded the interference of two main and non-coaxial tectonic events; (ii) the younger of these two events has a clear tranpressional character and was active during the very late Tortonian; (iii) as also indicated by many authors in neighboring orogenic wedges, the main control on the location, geometry and depositional evolution of the Scillato wedge-top Basin was carried out by compressional and transpressional structures developed at a deeper structural level. Their deformation propagated upward both into the shallow structural level and sedimentary covers; therefore (iv) the late Miocene structural scenario here depicted is not consistent either with the back-arc-related extension or with the late orogenic gravitational collapse models previously invoked by other authors with regard to this sector of the Sicilian thrust belt.
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Introduction
During a fold and thrust belt development the deformation will propagate "in sequence" from the internal to the external zone, involving progressively deeper structural levels (Bally et al., 1966; Boyer and Elliott, 1982) . It is also true that when deeper structural layers are reached by deformation the latter will propagate both toward the foreland, through activation of new main thrusts, and upwards (vertically) into the already deformed and shallower structural layers. As a consequence of this, looking at each point of a fold and thrust belt, the structural arrangement derives from superimposition of deformative events developed at different structural levels and in different ages. The polyphase tectonic evolution of the fold and thrust belt will be highlighted in the field with the development of "structural" interference due to the successive superimposition and/or re-deformation of existing deformative structures. Looking at basins located above the orogenic wedge (in the wedge-top depozone sensu De Celles and Giles, 1996) , where sedimentation occurred contemporaneously with the polyphase evolution of the thrust belt, the superposition of successive deformations can be visualized not only by the relationships among superimposed folds and faults, but also by the development of "depositional" interferences. The complex subsidence/uplift history of syntectonic-synkinematic basins exerts a marked control on facies distribution and basin fill architecture, especially if they are filled with shallow-water clastic sediments. The progressive development of syn-depositional folds and faults leads to changes in topography creating structural depressions and local reliefs affecting the sediment transport pathways, rates and spatial distribution of erosion and sediment deposition. Further complications in the depositional architecture of these basins are represented by progressive migration of depocenters, development of growth stratal patterns and the occurrence of widespread intraformational unconformities (Riba, 1976; Anadon et al., 1986; Roure et al., 1990; Zoetemeijer et al., 1992) .
The study of the sedimentary evolution of syn-tectonic basins represents a powerful tool for understanding the timing and modalities of deformation in the study sector of the Sicilian chain. Due to significant differential, clockwise syn-kinematic rotations occurring during the thrust sheet emplacement Channell et al., 1980 Channell et al., , 1990 Grasso et al., 1987; Oldow et al., 1990; Avellone and Barchi, 2003; Speranza et al., 2003; Guarnieri, 2004; Monaco and De Guidi, 2006) the tectonic structures of different ages were superimposed non-coaxially to each other, thereby facilitating the recognition of the interference pattern among successive compressional events. For these reasons the Sicilian fold-and-thrust belt represents an excellent "training ground" for studying the effects of a polyphase, non-coaxial, structural evolution. Even though the development of structural interferences has been widely documented by several authors (Roure et al., 1990; Avellone and Barchi, 2003; Avellone et al., 2010) there is no data about how this polyphase evolution was recorded as "depositional" interferences in the Late Neogene syntectonic basin fill.
In this paper a case history is presented from the middle-late Miocene Scillato wedge-top Basin, northern Sicilian fold-and-thrust belt (Fig. 1 ). An upper Tortonian siliciclastic succession pertaining to the Terravecchia Fm. outcrops here (Flores, 1959; Schmidt di Friedberg, 1962 , 1964 . The data presented here contributes to a new interpretation of the SB in terms of structural evolution and interplay between tectonics and sedimentation. On a wider scale, the geologic evolution of the central-northern sector of the Sicilian fold and thrust belt is discussed, with specific reference to the role played by the deep-seated transpressional tectonics vs extensional tectonics during the late Miocene.
Regional framework
The Sicilian Fold-and-Thrust Belt (SFTB) is a SE-verging, Neogene, thin-skinned thrust belt belonging to the wider Apennine-Maghrebian orogen (Fig. 1a) , and interpreted as resulting from both the postcollisional convergence between Africa and Europe (Bellon et al., 1977; Dercourt et al., 1986; Dewey et al., 1989; Catalano et al., 1996 Catalano et al., , 2000 and the rollback of the subduction hinge of the Ionian lithosphere (Caputo et al., 1970; Doglioni et al., 1999) .
This part of the Appenine-Maghrebian chain comprises (Fig. 1b) a stack of E and SE-verging tectonic units, locally more than 15 km thick, representing a subduction system composed of: 1) a complex chain, 2) a Plio-Pleistocene foredeep and 3) a partially undeformed foreland. The Sicily chain, in its turn, consists of several main elements, which are in order from the innermost: (a) a "European" element exposed in north-eastern Sicily as the western structural prolongation of the Calabrian arc (Amodio-Morelli et al., 1976; Bonardi et al., 2003) ; (b) a "Thetyan" element, generally known as Sicilide Unit (Ogniben, 1960 (Ogniben, , 1969 Bianchi et al., 1989; Catalano et al., 1996) consisting of Upper Jurassic to lower Miocene successions detached from their substrate; (c) a "Maghrebian" element consisting Roure et al., 1990; Lentini et al., 1994; Catalano et al., 1996; Finetti, 2005) of deformed Permian to Oligocene successions originally deposited in different palaeogeographic domains developed in both deep-water (Imerese and Sicanian units) and shallow-water carbonate platform (Panormide and Trapanese-Saccense units) settings. The tectonic wedge is thrust on to the Iblean-Pelagian foreland exposed in SE Sicily (Iblean plateau) and is submerged in the Sicily Channel. At the same time as the compression, the Tyrrhenian Basin developed in the hinterland area in a regime mainly related to back-arc extension (Malinverno and Ryan, 1986; Roure et al., 1990; Catalano et al., 1996) . A foreland basin system (sensu De Celles and Giles, 1996) migrating toward the Iblean foreland developed during the Neogene, at the front and partly above the advancing chain (Catalano et al., 1989; Oldow et al., 1990; Butler and Grasso, 1993; Nigro and Renda, 2000; Grasso, 2001; Gugliotta, 2011 Gugliotta, , 2012 . Sedimentation continued at the front of the fold-and-thrust belt in a recent foredeep (Argnani, 1989; Catalano et al., 1989) , at present buried beneath the frontal sector of the chain in southern Sicily and in the Gela Basin.
More specifically, during the late Miocene (late Tortonian-early Messinian) the SFTB was associated with a foreland basin system characterized in its innermost part (wedge-top depozone sensu De Celles and Giles, 1996) by syn-tectonic basins ranging from wide to quite narrow (Gugliotta, 2010 (Gugliotta, , 2011 (Gugliotta, , 2012 filled with continental to shallow-marine clastics (Terravecchia Fm.). The syn-tectonic basin growth record both intra-Tortonian and intra-Messinian tectonic events Butler and Grasso, 1993; Lo Cicero et al., 1997; Abate et al., 1999; Del Ben and Guarnieri, 2000; Nigro and Renda, 2000; Guarnieri, 2004) .
The orogenic wedge resulted from two main tectonic events which developed at different structural levels and age Catalano et al., 1996 Catalano et al., , 2000 Bello et al., 2000; Avellone et al., 2010) . Since the middle Miocene, shallow-seated thrusts (present-day SW-verging) have affected deep-water carbonate rock bodies (Sicilide, Imerese and Sicanian units) with duplex geometry, associated with folds at present showing a NW-SE-trend (shallow-seated Event I, Catalano et al., 1996 Catalano et al., , 2000 Avellone et al., 2010) . These units were detached from their basement and stacked above a partially undeformed carbonate platform body (Panormide, Trapanese and Saccense units). After the early Tortonian, S-verging, deep-seated thrusts and backthrusts, in association with E-W-to NE-SW-trending folds, affected the carbonate platform units (deep-seated Event II, Catalano et al., 1996 Catalano et al., , 2000 Avellone et al., 2010; Albanese and Sulli, 2011) . The thrusting process transferred part of the deformation to the overlying thrust pile inducing its passive re-imbrication, the shortening and development of several late Miocene to Pliocene syntectonic basins (Roure et al., 1990; Bello et al., 2000; Catalano et al., 2000; Avellone et al., 2010) .
The Scillato Basin
The Scillato Basin is located in the central-northern sector of the SFTB (Fig. 1b) , along the western edge of the Madonie Mts. (Figs. 1c  and 2a ). It consists of an approximately N-S-oriented structural depression (about 30 km 2 wide), enclosed among major structural highs, respectively: the Rasolocollo Ridge to the north-west, (ii) the Monte dei Cervi Ridge to the east and (iii) the Rocca di Sciara Ridge to the south (Fig. 2a,b) . At the basin scale, the middle-late Miocene clastic succession outcropping in the Scillato Basin appears deformed, as a roughly N-S-oriented, asymmetric synform, which shows conspicuously deformed southern and eastern limbs and a less deformed northern limb (Fig. 2c) . The major synform is dissected by NW-SE-trending faults with a short throw and showing extensional kinematic indicators. No clear evidence of syndepositional extensional tectonics has been found in the Terravecchia Fm. in contrast to documentation by Abate et al. (1999) and Giunta et al. (2000) , which might make us think that the extensional structures developed after the late Tortonian, plausibly during the Catalano et al., 2000) . The square indicates the location of the study area; b) Structural map of Sicily (modified from Catalano et al., 1996; Valenti, 2010) . The dashed square indicates the study area location; c) Geological cross-section showing the main structural setting of NW Sicily thrust belt (mod. after Catalano et al., 2000) . d) Simplified structural map of central-northern Sicily showing the location of the major Miocene-Pliocene basins (study area in the dashed square) and the large-scale tectonic structures.
Pleistocene (according with Roure et al., 2002) . Detailed field data was collected during mapping related to the recent development of the CARG Project (CARtografia Geologica Project of the Italian National Geological Survey, Geological Sheet "Termini Imerese", Catalano et al., 2011a) ; this data, supported by interpretation of deep seismic reflection profiles crossing the study area (SI.RI. PRO. line, Accaino et al., 2010) , shows that the tectonic wedge in this sector is made up of a set of imbricated tectonic units, buried beneath the Neogene-Quaternary sedimentary covers or outcropping in correspondence of major structural highs. From bottom to top (Fig. 2c the IMu units ovethrusting a thick tectonic wedge made up of carbonate platform unit imbricates, in their turn representing the lowermost structural level (Fig. 1c) . The IMu outcrop in correspondence of the main structural highs which surround the SB (Monte dei Cervi and Rocca di Sciara).
The Scillato Basin succession
The above-described deformed substrate units are unconformably overlain by an (up to) 1300 m thick middle-upper Miocene silici-clastic sedimentary succession that can be subdivided into two main lithostratigraphic units: (1) the Catellana Sicula Fm. (SIC) and (2) Catalano et al., 2000) consisting of up to 50 m thickness of emipelagic clays, siltstones, gravity flow sandstones and conglomerates deposited in an outer, shelf-to-slope setting. Analysis of the microfossil assemblage (both planktonic foraminifers and calcareous nannofossils) revealed an upper Serravallian to lower Tortonian relative age for this formation (Catalano et al., 2011a) . The Castellana Sicula Fm. locally crops out at the southern edge of the SB (Fig. 4) where it overlies unconformably (unconformity S 0 ) the deformed substrate units (Fig. 2 ). Previous authors Catalano et al., 2002; Gugliotta, 2010 Gugliotta, , 2011 interpreted the Castellana Sicula Fm. as the remnant of submerged thrust-top basin in fill. These basins originally developed, from the late Serravallian, in the "outer" wedge-top depozone (Gugliotta, 2012 ) and were subsequently deformed and involved in the advancing thrust belt after the earliest Tortonian. Since the late Tortonian, due to sub-aerial exposition, fluvial incision and intense erosion, most of the sedimentary fill of these basins has been removed, producing a rather unconstrained stratigraphic gap. For these reasons, the Castellana Sicula Fm., which initiates the Scillato Basin succession, will not be taken into consideration here in the tectono-depositional evolution of the Scillato Basin. It will be used only to better define the base of the upper Tortonian succession, which represents the true aim of this paper.
Terravecchia Fm.-TRV
The Terravecchia Fm. outcrops widely in the study area as an (up to) 1250 m-thick succession of conglomerates, sandstones and clays Abate et al., 1993 Abate et al., , 1996 Abate et al., , 1999 Butler and Grasso, 1993; Giunta et al., 2000; Gugliotta, 2010; Catalano et al., 2011a) representing the main bulk of the Scillato Basin succession. At the base, the Terravecchia Fm. unconformably rests on an erosional angular unconformity (S 1 , Fig. 2 ). The latter is well exposed along the southern and south-eastern margins of the basin (Monte Riparato) where it appears as a northward dipping, well-inclined (40°up to 50°) surface, cutting both the Castellana Sicula Fm. and the deformed substrate units (Sicilide units) (Figs. 2 and 4a). Detailed sampling and dating of the microfossil assemblage (both planktonic foraminifers and calcareous nannofossils) revealed a relative upper Tortonian age for the Terravecchia Fm. (Gugliotta, 2010; Catalano et al., 2011a) . No rocks of lower Messinian age are present in the succession studied, contrary to documentation by previous authors (e.g. Abate et al., 1999) . The Terravecchia Fm. filling the SB has been deeply investigated from a stratigraphic, sedimentologic and structural point of view by several authors Grasso and Butler, 1991; Abate et al., 1993 Abate et al., , 1996 Abate et al., , 1999 Butler and Grasso, 1993; Alliez et al., 1996; Guarnieri, 1998 Guarnieri, , 2004 Del Ben and Guarnieri, 2000; Giunta et al., 2000; Gugliotta and Agate, 2010) . The most important conclusions are reported in Table 1 .
The upper Tortonian succession of the Scillato Basin
Revised and fresh, more detailed stratigraphic and sedimentologic data collected in the upper Tortonian Terravecchia Fm. (Gugliotta, 2010 (Gugliotta, , 2012 Gugliotta and Agate, 2010) , with regard to this formation, highlighted a complex depositional framework consisting of six main facies associations, which are: gravelly braidplain (A), floodplain with ephemeral ponds (B), sandy-gravelly river-dominated delta front (C), brackish prodelta clayey siltstones (D), prograding delta slopes conglomerates and sandstones (E) and delta top conglomerates and sandstones (F). These facies associations (described below) define two main stages in the SB evolution consisting of (Fig. 3a) an early "transgressive" fining-upward-sequence (TS) and a later "regressive" coarsening-upward-sequence (RS). A slightly too strong a geometric discordance (locally with erosional features) can be traced between the TS and RS deposits.
Transgressive sequence, TS
The TS characterizes the southern, central and western portions of the SB (Figs. 2b and 3 ). There it onlaps the already emplaced chain units, along the southern and south-western edge of the SB. The TS consists of two major rock bodies, here named TS 1 and TS 2 respectively (Fig. 2c) .
TS 1 deposits
The TS 1 is a composite unit made up of a basal edge of crudely amalgamated conglomerate beds pertaining to the facies association A, overlain in turn by a clayey rock body pertaining to the facies association B (Fig. 3) .
More specifically, facies association A is characterized by an (up to) 200 m-thick stack of amalgamated to unamalgamated beds (each up to 10 m thick) of red conglomerates and sandstones. The bulk of the conglomerate is represented by poorly sorted, pebble-to-boulder-size (and often "out-size"-up to 1.5 m), well-rounded clasts. Imbrications, inverse to normal gradation are also often observable. Pebble cluster structures (Dal Cin, 1968 ) and large-scale erosional scours are often visible in the conglomerate beds, while the sandy beds show large-scale cross-bedding (mostly through-cross type) and/or horizontal planar lamination (Fig. 4a, b, c) . This facies association is here interpreted as a gravelly braided fluvial system (following Miall, 1977 Miall, , 1978 Miall, , 1985 Rust, 1978; De Celles et al., 1991) . Moving upward, facies association A gradually passes into an (up to) approximately 100 m thick darkish-to-pinkish clays and siltstones with interbedded, roughly lens-shaped, beds of conglomerates and sandstones (facies association B); here this is related to a floodplain with wide overbank areas and isolated channels (Fig. 4d) .
The TS 1 records a mainly SE-directed, roughly unidirectional palaeoflow (Fig. 5a) , suggesting a source area location toward the north. Analysis of the mean clast composition reveals an extrabasinal supply for the conglomerates whose clasts reflect the composition of the surrounding substrate (prevalently Su and NFu) with a conspicuous presence of metamorphic and igneous fragments derived from the Sardinia and Kabilo-Calabride crystalline bedrock (see also Ferla and Alaimo, 1975; Catalano and D'Argenio, 1990; Cirrincione et al., 1995) . The conspicuous presence of crystalline bedrock-derived clasts supports a northward located source area.
TS 2 deposits
Moving upwards in the succession and (northward) toward the basin center, the TS 1 rapidly wedges out unconformably overlain by the TS 2 across the unconformity S 2 . The latter is a slightly erosional surface, which can be traced in the central-southern Scillato Basin and which spreads out laterally (along the western Scillato Basin) cutting the deformed substrate units while also blanketing the older S 1 (Fig. 3) . The TS 2 consists of two main facies associations arranged to form the retrograding part of a small flood-dominated delta in which a delta front (facies association C) and a prodelta (facies association D) can be distinguished. The facies association C is characterized by up to 350 m thick interbedded siltstones, cross-bedded and often rippled sandstones and conglomerates arranged vertically, forming delta front sequences that are decametric in scale, shallowing and coarsening upwards (Fig. 4e) . The delta front sequences are superimposed, at basin scale, with a thinning upward "backstepping" trend, merging laterally and upwardly with the facies association D (Fig. 4f) . Facies association C associated with a sandy-gravelly river-dominated delta front environment (Galloway, 1975) , developing in the submerged distal part of small fan delta lobes under a microtidal regime. This facies association could also be interpreted as recording the deposition of flood-generated delta front sandstone lobes developed as part of a small fan delta system (Mutti et al., 2000 (Mutti et al., , 2003 . 3 . Composite (not to scale) stratigraphic log of Terravecchia Fm. cropping out in the Scillato Basin. The log is not representative of all outcrops of the study area. 1) folded substrate; 2) clays and marls; 3) clays and siltstones; 4) cross-bedded sandstones; 5) granule-to pebble conglomerates; 6) pebble-to cobble conglomerates; 7) coarsening upward sequences; 8) major erosive surface; 9) major unconformities. See also text for acronyms.
Facies association D is characterized by (up to) 450 m-thick light blue/grayish-to-brownish siltites and clayey-siltites with brackish fauna, locally interbedded with centimeter-thick sheet-like sandstones. Facies association D has been associated with a distal delta front passing into brackish prodelta. This interpretation is supported by the scarcity of burrowing, by the presence of typical brackish ostrachods (Crimi, 1987) and by the oligotypic assemblage of foraminifers. The prodelatic deposits (facies association D) gradually coarsen upsection due to the progressive interbbedding with upward-thickening sandstones and conglomerates showing the incoming transition to the RS. Analyses of palaeocurrents reveal that the TS 2 deposits recorded a sudden change in palaeoflow when compared to those pertaining to the TS 1 . The dispersal pattern (in facies association C) is characterized by a roughly radial shape, ranging from N-to NW-ward-directed (between N270 and N340) and locally SW-ward-directed palaeoflows (Fig. 5b) . Thus, a new source area might have developed SE-ward from the basin providing the clastic material for the deltaic apparatus.
Regressive sequence, RS
The RS consists of a thinner rock body than the TS, and characterizes the central-eastern, eastern and north-eastern areas of the SB (Figs. 2 and 3) . In its lowermost part (around Cozzo Gracello), the RS develops with up to~100 m of yellowish silt-clays interbedded with tabular-to slightly lenticular conglomerate bodies (each up to 5 m-thick) and sandstones (Figs. 3 and 4g) . Mass-flow-related structures such as large clay chips, normal gradation and load casts are common in the conglomerate beds (facies association E). Microscopic analyses carried out in the clayey interbeddings revealed a poorly preserved, shallow-marine, very late Tortonian microfossil assemblage. This facies association has been interpreted (Gugliotta and Agate, 2010) as deposited in a prograding and tectonically "steepened" delta slope setting. On the other hand, Abate et al. (1999) have assigned the Cozzo Gracello conglomerates to a younger (Messinian age) sedimentary cycle. Upsection and laterally toward the east and the north, the thickness of clay interbeds rapidly decreases and they are replaced by sandstones (Fig. 3) again marking the transition to facies association C. In this stratigraphic position the latter facies association is characterized by amalgamated, coarsening and upward-thickening delta front sequences. The sequences are arranged in an aggradational to slightly progradational stacking pattern and are interpreted (Gugliotta and Agate, 2010 ) as a prograding river-dominated delta front. The rock body characterized by prograding delta front sequences (facies association C) is bounded by the erosional unconformity S 3 at the base, and is unconformably covered (S 4 at S. Maria area, Figs. 2 and 3) by gravelly, delta-top conglomerates and cross-stratified sandstones (facies association F) outcropping along the northern and north-eastern margins of the basin. The S 3 unconformity, in particular, develops with erosional features along the eastern and north-eastern margins of the basin, where it cuts the deformed substrate units. Moving westward and north-westward the S 3 also cuts the already deformed TS deposits (as well as S 1 and S 2 ) showing an intraformational unconformity which gradually disappears toward the basin center. Analyses of palaeocurrents performed in the RS deposits, above the S 3 (facies association C), show that a strong new variation in palaeodrainage occurred during the RS deposition. The data collected in these deposits accounts for a mean W-to WNW-directed palaeoflow showing a slightly radial dispersal pattern (Fig. 5c ). The preliminary analysis of the mean clasts composition, characterizing the rocks deposited during this stage, highlights the increasing presence of Meso-Cenozoic IMu-derived rock-types widely outcropping in the Scillato Basin surroundings (e.g. Monte dei Cervi) also with a supposed intrabasinal-intraformational component of the coarse clastics composition. The above-mentioned data might suggest that both a further shifting, toward the E and NE, of source areas and a probable "cannibalistic" erosion of lifted sectors of the basin may have occurred during the RS deposition.
Analysis of Pi diagrams
The projection of the pole-to-bedding data collected at several measurement sites located in different sectors of the basin, defines a best-fit point (Allmendinger, 2002) relatable to a major syncline N-S-trending. However, the distribution of poles to bedding suggests that this structure is not compatible with a single plicative trend but could be relatable to two main superimposed, folding trends (Fig. 5d) . The occurrence of a local geometric discordance between TS and RS deposits allowed us to perform a differential analysis of strata separating the data collected in these two sequences.
Specifically, the distribution of poles to bedding in the TS deposits (Fig. 5e ) appears compatible with that observed for the main syncline (TS + RS in Fig. 5d) . Otherwise, the distribution of pole to bedding resulting from the RS deposits (Fig. 5f) shows a different pattern pertaining to a gently NW-dipping monoclinal structure. This data suggests that TS and RS recorded a different deformative pattern, allowing us to infer that the RS stage deposits have not recorded the folding related to Event I.
Major structures in the IMu
The detailed field data integrated with previous studies (Grasso et al., 1978; Abate et al., 1982 Abate et al., , 1988 Bigi et al., 1991) , allowed us to interpret the Monte dei Cervi and Rocca di Sciara ridges as partially outcropping, NW-SE-trending ramp anticlines (H1 fold system) involving Meso-Cenozoic rocks (Imerese units and their covers). These anticlines are here named Cervi Anticline (CA) and Rocca di Sciara Anticline (RA) respectively. Field and subsurface data also indicates that the CA overthrusts toward the south-west on the RA (Figs. 2 and 6 ).
Field structural setting
A complete set of new structural data has been collected along the limbs of the major anticlines (CA and RA; site 1 in Figs. 2 and 7a) consisting of both minor folds (h) and cleavage-extensional vein systems (C-J).
Cervi anticline, CA
Along the south-western slope of the Monte dei Cervi two minor fold-systems were recognized and named, respectively h1 and h2.
h1 system consists of 143/12°hinge-oriented minor folds, showing flank and axial-plane geometries compatible with drag fold developed along the forelimb of the major CA (Fig. 7c,h) . A 142/25°-oriented crenulations lineation (sensu Davis and Raynolds, 1996) is also present along the flanks of these minor folds (Fig. 7g) . The h1 fold system is compatible with an ENE-WSW-oriented maximum palaeo-stress (σ1).
h2 system consists of 047/09°hinge-oriented minor folds, compatible with a NW-SE-oriented maximum palaeo-stress (σ1).
The mesostructural analyses also revealed the existence of two main cleavage-extensional vein systems (C-J; Fig. 7d,h ) named, C 1 -J 1 and C 2 -J 2 , respectively. C 1 -J 1 system consists of 058/80°-oriented pressure solution cleavage associated with 328/75°extensional veins; C 2 -J 2 system consists of 338/75°-oriented pressure solution cleavage and associated 070/27°extensional veins.
The orientations of the C 1 -J 1 system is compatible with an ENE-WSW (N 60°)-oriented σ1 and thus associated with the development of the h1 fold system while, the orientations of the C 2 -J 2 system is compatible with a NNW-SSE (N 340°)-oriented σ1 and thus associated with the development of the h2 fold system. Cross-cutting relationships suggest that C 1 -J 1 system is older than C 2 -J 2 systems (Fig. 7d,h ) and thus, h1 is older than h2.
Interpretation of structural data suggests that the h1 fold system includes minor folds of the major (H 1 ) NW-SE-trending CA developed during the compressional Event I. The CA, in its turn, is re-folded along a more recent ENE-WSW plicative trend represented by the h2 system and here considered as having developed during the compressional Event II. Other evidence of superposition of tectonic structures of a different age are suggested by the large-scale setting of CA. The major NW-SE-trending anticline shows a clearly observable SE-dipping axis, which, moving north-westward, is cut and displaced by a superimposed NE-SW-striking, SE-dipping major transpressive, left-lateral faults system here included in the Cervi Fault (site 2 in Figs. 2 and 7a,b,e,f) . The statistical analysis of the striated fault planes revealed that the transpressional faults were generated under a maximum horizontal palaeo-stress, oriented as those . 6 ); e-f) striated transpressional fault planes outcropping in the IMu carbonates along the north-western slope of the Mt. dei Cervi ridge (location in Fig. 6) ; g) crenulation lineation in the Jurassic rocks of the IMu; h) stereographic projection of the structural data (faults, folds and cleavage) and associated stress axes calculated from stress inversion applied to transpressive faults and slickenlines, collected along the CA. Data from Salvini (2001) .
reconstructed for the h2 folds nucleation. The stress field orientation is consistent with those calculated elsewhere, along the Kumeta Fault (see Fig. 1b for location) , where it is associated with the deep-seated Event II (Avellone et al., 2010) .
Rocca di Sciara anticline, RA
Minor and major SW-ward verging recumbent folds, showing NW-SE-trending hinge (N320°, h1 fold system) have also been recognized along the major RA (Figs. 6 and 8a) . The latter is markedly dissected by more recent high-angle faults (Fig. 8a) . Data collected in the site 3 (Figs. 2 and 8a) is compatible with SSE-dipping, high-angle (about 70°) faults showing SE-dipping slickenline with an approximate 15°to 45°rake (Fig. 8c,d,e) . The calcite fibers are compatible with a left-lateral transpressive movement. Analysis of kinematic indicators allowed us to constrain the palaeo-stress field as compatible with an approximately N350°-oriented and near-to-horizontal (about 12°) σ1, associated with an approximate N 045°-oriented, high-angle, σ 2 (about 45°, Fig. 8f ).
Sub-surface structural setting
Knowledge about the deep sub-surface structural setting of the study sector of the Sicilian thrust belt and adjacent regions derives from the interpretation of the borehole-calibrated seismic profiles (Catalano et al., 2000 (Catalano et al., , 2011b Accaino et al., 2010; Albanese and Sulli, 2011) . In the study portion of the chain, the northern part of the SIRIPRO seismic profile allows imaging, based on seismic facies characters and borehole calibration, the thicker part of the orogenic building consisting of (from top to bottom): Numidian flysch and Sicilidi nappes, Meso-Cenozoic deep-water carbonates (Imerese and Sicanian thrust units) that overthrust thick shallow-water carbonate imbricates. A preliminary geologic interpretation (Fig. 9 , Catalano et al., 2011b) allowed us to image a shallow structural level consisting of a stack of northward-dipping imbricated thrust-sheets, involving the thin deep-water Meso-Cenozoic successions (Sicilide, Numidian and Imerese units) and emplaced during the shallow-seated compressional Event I. Clearly imaged by the profiles, the Imerese thrust-sheets subsequently appear folded and uplifted, generating north-verging structures (i.e. backthrusts), by activation of deep-seated, high-angle faults generated at a deeper structural level (Albanese and Sulli, 2011; Catalano et al., 2011b) .
Discussion

Syn-tectonic stratal pattern
At the basin-scale, moving upsection in the Scillato Basin succession (from TS to RS) a progressive decrease in the mean tilting value of the strata (section B-B' in Figs. 2 and 10a,b) can be observed. An approximate 40°discordance can be traced between the lower portion of the Terravecchia Fm. (about 70°of strata attitude at Cozzo Cupiglione-Mt. Riparato) and its upper portion (about 15°of strata attitude at Cozzo Gracello). This peculiar feature accounts for a partially preserved growth offlap (Fig. 10c, Ford et al., 1997 ) coherent with the development of a progressive unconformity (Riba, 1976; Hardy and Poblet, 1995; Ford et al., 1997) . The growth geometry suggests the N-and NW-ward tiltings of the eastern and south-eastern limbs of the basin, plausibly in response to the progressive lifting of the deformed substrate units.
Beyond the growth offlap geometry, several intraformational unconformities (S 2 , S 3 , S 4 ) are present within the Scillato Basin succession.
The geometrical and stratigraphic relationships associated with these surfaces suggest that they may represent syntectonic intraformational angular unconformities (sensu Riba, 1976) developed in response to local uplift and erosion of the basin margins. On a larger scale, these unconformities and the associated sedimentary wedges appear to have been "imbricated" (Fig. 10b) to form an assembled composite progressive unconformity (Fig. 10d , Anadon et al., 1986 ) imaging a mean N-to NW-ward migration of the basin depocenter. In a tectonically active orogenic belt (such as the Sicilian belt), these structures have less potential for preservation as they are either involved in deformation or eroded, and thus often partially preserved. The growth geometry is also accompanied by a great variation in the thickness of the succession, moving from the center toward the eastern margin of the basin (Fig. 11) . Specifically, the TS reaches up to 900 m at the basin center (around Cozzo Gracello) decreasing to~600 m along the southern and south-eastern margin of the basin. Moving toward the north-east the TS deposits decrease dramatically in thickness and disappear along the north-eastern and eastern limbs of the Scillato Basin (Fig. 11) . There, the upper Tortonian succession consists only of approximately 300 m-thick RS deposits. Data emerging from analysis of Pi diagrams sustains the hypothesis that the deposition of the early TS and late RS occurred during active tectonics, which induced the syn-depositional deformation of the strata. The progressive shifting of clastic source areas (highlighted by palaeocurrent analyses) is also consistent with kinematic evolution. The relative age of the Terravecchia Fm. as constrained by biostratigraphic analysis, is latest Tortonian, thereby suggesting that the syn-tectonic deformation occurred during that time at least.
Depositional evolution
The depositional evolution of the Scillato Basin as recorded by the Terravecchia Fm. during the late Tortonian shows that sedimentation took place in a dynamic sedimentary basin that evolved through two main depositional stages. The transition from undersupplied (TS) to oversupplied conditions (RS) reflects profound changes in the basin fill dynamics mainly controlled by syn-depositional tectonics. The deposition of the older TS took place in a deepening depositional setting recording an increase in the creation of accommodation space over time (from confined braidplain to low energy alluvial plain passing into retrograding delta front and prodelta). The earliest TS 1 is interpreted by considering the lithologic and facies characteristics as a floor lag deposited in a narrow morphostructural depression, approximately NW-SE-oriented, incised on the deformed substrate and probably enclosed between two major culminations of the deformed substrate units. It is tempting to consider this depression as a palaeovalley along which short and very steep, bed-load ephemeral streams drain a nearby source area (north-ward located) delivering coarse clastics toward a S-ward located marine area. This interpretation is sustained by lithology, sedimentary facies, mean palaeocurrents direction (SE-oriented, Fig. 5 ) and the conglomerate clast composition. Today only a small remnant of this sedimentary environment is preserved in the Scillato Basin, although part of it might be preserved locally southwards from the study area.
The transition from TS 1 to the TS 2 marks three major changes in the basin dynamics; (i) the basin was completely flooded and a rapid decrease in sediment grain size occurred; (ii) an inferred tilting of the original depositional surface occurred as suggested by the intraformational syntectonic angular unconformity (S 2 ); (iii) deposition of the TS 2 is marked by a sudden (from approximately SE-directed to N-and NW-directed) inversion of palaeoflows (Fig. 5) accompanied . 6 ); f) stereographic projection of the structural data (faults and folds) and associated stress axes calculated from stress inversion applied to transpressive faults and slickenlines, collected along the RA.
by new source areas south-eastward from the present-day basin margin.
We might infer that the tilting of the depositional surface is relatable to incipient activity of the Cervi Fault, which caused the initial growth of localized structural highs southwards from the Scillato Basin. As a consequence the already existent depositional area filled by TS 1 was folded and eroded and the Scillato Basin became isolated from the main marine area located toward the south. A new depositional setting developed, represented by the sedimentation of TS 2 deltaic deposits. These small deltas were probably supplied from the south and the south-east, merging in their frontal part with sheltered, very shallow-brackish marine areas.
The onset of RS sedimentation records a sudden increase in the coarse-clastics supply to the marginal depositional systems. This increase has here been associated with an inferred enhancement of relief in the source areas, accompanied by rejuvenation of the streams that produced the oversupplying of the frontal portion of the small delta systems (accompanied by gravity instability of the delta slope) and their rapid progradation into the basin. During the RS deposition some important changes in the SB dynamics occurred. Firstly, an important intraformational, syntectonic, angular unconformity (S 3 ), associated with considerable discordance and erosion at the eastern basin margin, is present within this sequence. This data indicates that a new and more important tilting of the depositional surface occurred. Moreover, the RS strata recorded a sudden new variation in the mean palaeoflows (WNW-directed), which confirmed the uplifting of some areas and a major shifting of the source area toward the east (Fig. 5) .
Tectono-sedimentary model
All the data discussed in the previous section may refer to changes involving both the Scillato Basin and its substrate, which occurred during the deposition of the upper Tortonian Terravecchia Fm. In particular, these changes concerned: (1) the original Scillato Basin geometry; (2) tilting of the original basin margins; (3) uplift of local structural highs and (4) new source area creation (Fig. 12) . A plausible scenario might imply that the Scillato Basin evolution was propelled by the incipient uplifting of the already emplaced deformed substrate units along high-angle transpressional faults (Fig. 12) . As discussed previously in this paper, the Imerese units outcrop and form major structural highs, eastward and southward from the Scillato Basin (Mt. dei Cevi, Rocca di Sciara), where they are lifted up along a transpressional fault system (Cervi Fault).
The activation of the transpressional structures, during the late Tortonian, could explain syn-sedimentary tectonics recognized throughout the Terravecchia Fm. and previously discussed in the paper. Subsequent transpressional structures also probably produced the rising of the Learcara complex deposits, at present exposed along the Rasolocollo structural high (north-westward from the SB, see Fig. 2b ).
For a clearer explanation of the Scillato Basin evolution, it would be more important to consider the different deformative patterns recorded by TS and RS and the resulting interference pattern represented by the present-day N-S-oriented major syncline. This peculiar aspect allowed us to infer that the Scillato Basin recorded a polyphase tectonic evolution, during which an original, NW-SE-oriented depression (probably part of an original wedge-top basin related to compressional Event I) was non-coaxially deformed by a superimposed NNW-SSE-oriented stress field during the compressional/transpressional Event II (Fig. 12) . Thus, the present-day N-S orientation of the Scillato Basin does not correspond to the original basin geometry but resulted from large-scale interference between two deformative patterns. Therefore, in the study area, the upper Tortonian Terravecchia Fm. may have recorded deformations developed at different structural levels during the transition between the shallow-seated (Event I) and the deep-seated compressional-transpressional event (Event II, Fig. 13a ).
Comparing field and sub-surface data the tectono-sedimentary evolution of the Scillato Basin is here interpreted as induced by activation of deep-seated faults (Figs. 9 and 13 ). The transpressional fault system (Cervi Fault) outcropping in surrounding SB regions (Mt. dei Cervi and Rocca di Sciara) is here correlated with deep-seated structures enucleated in deeper structural levels and which have moved upward into shallower levels during Event II (Fig. 13a) . Thus, it can be inferred that the deep-seated deformation, during the late Tortonian, was propagated upwards into the shallower structural level and sedimentary covers controlling the location, geometry and evolution of local syn-tectonic basin as suggested by both structural and depositional interferences (Fig. 13b) .
The data presented here also suggests that during the late Miocene the study sector of the Sicilian thrust belt was characterized by a mainly contractional-transpressional tectonic regime not consistent with a late Tortonian back-arc-related extension or with the orogenic gravitational collapse models previously invoked by some Authors (Giunta et al., 2000) . This aspect has been recently discussed using regional comparisons, in the paper by Gugliotta (2012) . In this paper, the late Miocene Sicilian foreland basin system (sensu De Celles and Giles, 1996) is characterized by a wedge-top depozone split into an "inner" sector (containing the Scillato Basin, among others), in which sedimentary basins are strongly affected by localized transpression since the very late Tortonian at the least, and an "outer" sector characterized by wider basins whose sedimentary infill was still slightly affected by compressional deformation.
Our conclusions are supported and comparable with data presented elsewhere for certain syn-tectonic basins in the Appenines and other neighboring orogens (e.g. Bonini et al., 1999; Bonini and Sani, 2000; Alçiçek and ten Veen, 2008; Onofrio et al., 2009 ). Particularly interesting is the comparison with the work by Alçiçek and ten Veen (2008) in the Tauride Belt (SW Turkey) in which the authors discuss the early late Miocene evolution of the Acipayam piggy-back basin and the underlying Lycian nappe. The authors suggested that thick-skinned thrusting reactivated early extensional faults in the autochthon and may explain the evolution of "piggyback" basins located at the core of large open folds. The tectono-sedimentary evolution of these basins is strongly dependent on their position compared to the hinge of the large fold (Fig. 8 in Alçiçek and ten Veen, 2008) . In the Sicilian thrust belt, deep-seated structures may have reactivated Mesozoic extensional faults in the lowermost carbonate platform units (Catalano and D'Argenio, 1978; Avellone et al., 2010) , and been propagated upward producing a regional-scale folding into the upper structural levels similar to those described in the Tauride Belt (Fig. 13) . Nevertheless, in contrast to the model proposed by Alçiçek and ten Veen (2008) the late Miocene Sicilian wedge-top basins, located above and to the side of these culminations, recorded mainly transpressional or compressional tectonics.
Concluding remarks
• The depositional evolution of the Scillato Basin, as recorded by the upper Tortonian Terravecchia Fm. suggests that sedimentation took place in a dynamic sedimentary basin, which evolved through two successive depositional stages, here named transgressive stage TS and regressive stage RS, respectively.
• The transition between TS and RS was driven by the incipient uplifting, eastward and southward from the Scillato Basin, of already . 11c) ;. d-e) conceptual models accounting for growth offlap geometry (mod. from Poblet, 1995 and Ford et al., 1997) and assembled composite progressive unconformity (mod. from Anadon et al., 1986) . Fig. 12 . Inferred model for the tectono-depositional evolution of the Scillato Basin. During an earlier moment (left) a NW-SE-oriented structural depression hosted the deposition of the TS 1 . Later (right) the original depression has been deformed by the transpressional faults and the deposition of TS 2 (p.p.) and RS took place. emplaced substrate units along high-angle, mainly SE-dipping transpressional faults (here included in the major Cervi Fault).
• The present-day N-S orientation of the Scillato Basin does not correspond to the original basin geometry but has resulted from the large-scale interference between two, non coaxial, deformative events developed at different structural levels.
• The Scillato Basin fill recorded a polyphase tectonic evolution during which an original, NW-SE-oriented structural depression (related to the Event I major compressional structures) was non-coaxially deformed by a superimposed, mainly SE-ward-dipping, deep-seated, transpressive fault developed during the Event II.
• Existence of a wide range of evidence of syn-depositional tectonics in the Terravecchia Fm. filling the Scillato Basin, suggests that the deep-seated transpressional structures were active during the late (st) Tortonian at the least.
• In this sector of the Sicilian thrust belt, deep-seated deformation was propagated upwards into the shallower structural level and sedimentary covers controlling the location, geometry and tectono-sedimentary evolution of wedge-top basins.
